1. Introduction
===============

Originally implemented into neurosurgery in 1980s, computer-assisted navigation technology has subsequently been introduced into the field of oral and maxillofacial surgery.^\[[@R1]--[@R3]\]^ For the foreign body removal surgery in this field, this technology is helpful to identify the location of the foreign body and determine the optimal approach. The accuracy and effect of the operation can be greatly improved by this technology. This technology is widely reported on removal of foreign bodies in the maxillofacial region.^\[[@R3]--[@R12]\]^

Unlike other bones in the maxillofacial region, the mandible is an independent and movable body. In surgery of the lower jaw, the application of computer-assisted navigation is more complicated due to the mobile nature of the mandible.^\[[@R1]\]^ Previously, there were different solutions proposed by other researchers on navigation surgery in the lower jaw. Due to its specific independence among the maxillofacial bones, we think that the mandible can be regarded as an independent entity to perform navigation surgery. According to this strategy, the navigation reference frame is fixed directly on the surface of the mandible, allowing the navigation system to treat the mandible as an independent entity. In this case report, this new method was used to remove a broken fissure bur in the lower jaw. We conclude that this strategy successfully addressed the limitations of navigation surgery in the lower jaw.

2. Case report
==============

A 41-year-old male patient, identified as having a broken fissure bur that displaced into the mandibular lingual soft tissue, was referred to our department. The fissure bur broke accidentally and displaced into the soft tissue when the patient underwent extraction of the left mandibular impacted third molar. The dentists in the local hospital attempted to retrieve the broken fissure bur, but they did not succeed. A mild contusion on the left side of the patient\'s mouth can be found, with a limited mouth opening (2 cm) and numbness on the left side of the lower lip. A wound after the tooth extraction was presented in the posterior area of the lower molars. The Ethics Committee of School and Hospital of Stomatology, Wuhan University gave approval for this case report. Written informed consent was obtained from the patient for publication of this case report and any accompanying images.

An orthopantomography (OPG) confirmed the presence of a metallic foreign body in the left lower jaw (Fig. [1](#F1){ref-type="fig"}). In order to locate the foreign body accurately and avoid secondary injury, a computer assisted navigation surgery was scheduled for this patient.

![A metallic foreign body in the left lower jaw was presented in the orthopantomography.](medi-99-e18875-g001){#F1}

The navigation system (AccuNavi-A, UEG Medical, China) was used in this case, and a customized mandible reference frame was prepared for the navigation surgery in the lower jaw. After the CT taken preoperatively, continuous fine-cut (0.625 mm) CT data were imported to the system to accomplish presurgical planning, in which the foreign body was labeled in the axial plane to generate the stereoscopic image of the broken bur (Fig. [2](#F2){ref-type="fig"}).

![In the pre-surgical plan, the foreign body was labeled to generate the stereoscopic image.](medi-99-e18875-g002){#F2}

In the surgery, a vestibular incision (0.5 cm long) was made on the region of the right canine, exposing the mandible surface. By this approach, a customized reference frame was fixed rigidly to the patient\'s mandible (Fig. [3](#F3){ref-type="fig"}). The teeth in the mandible were selected by navigation probe, and the registration by point matching method was completed, whose accuracy (0.8 mm) was verified using the navigation pointer. The navigation surgery was performed while the mouth was open, and the suture at the original wound was first removed. Afterwards, the navigation probe was put in through the original wound to detect the foreign body (Fig. [4](#F4){ref-type="fig"}). The tip position and orientation of the probe was viewed continuously on screen of the navigation system. Under the guidance of the navigation system, the tip of the probe was inserted accurately, reaching the foreign body, which tilted in the lingual deep side of left mandibular extraction socket, with one end adjacent to the lingual bone plate and the other 4 mm away. The foreign body was finally clamped and removed successfully by the forceps. It was confirmed to be the tip of a conventional high-speed fissure bur (Fig. [5](#F5){ref-type="fig"}).

![The customized reference frame was fixed rigidly to the patient\'s mandible, and the navigation surgery was performed while the mouth was open.](medi-99-e18875-g003){#F3}

![Real-time screenshot of the probe reaching the object under guidance of the navigation system.](medi-99-e18875-g004){#F4}

![The foreign body taken out from this patient was confirmed to be the tip of a conventional high-speed fissure bur.](medi-99-e18875-g005){#F5}

The broken bur was removed successfully, and there was no sign of lingual nerve palsy or infection when the patient was discharged. The time duration of the surgery using navigation system was 60 minutes. During the month-long follow-up visit, satisfactory wound healing and mouth opening was achieved, without postoperative complications.

3. Discussion
=============

Some maxillofacial foreign body injuries are caused by iatrogenic factors, such as the displacement of the impacted teeth into the facial space and implants into the sinuses, etc. Broken dental bur displaced into the maxillofacial space during dental practice is a rare event, which is often stressful for the patient and dentist alike. Removal of maxillofacial foreign bodies generally follows the principles including early removal, hidden incision, minimal invasion, rapidity, and no damage to surrounding tissues.

Computer-aided navigation technology, a good method for detecting and localizing objects, has been widely applied in the removal of foreign bodies in maxillofacial region. However, this method has certain limitations for the removal of foreign bodies in some anatomical structures with mobile nature, such as the mandible and the soft tissue of the lower jaw. The cause is the topographic changes triggered by surgery, resulting in discrepancies between the preoperative image data and the surgical site. For navigation surgery, image data acquired preoperatively should always accurately represent the structure of the tissue during the operation. The mobile nature of the mandible complicates its synchronization with the preoperative image data during the navigation surgery. Currently, there are three possible solutions for navigation surgery in the lower jaw.

The first option is intermaxillary fixation. Lin et al reported a case of intraoperative navigation for mandibular angle surgery, in which they used a steel wire for intermaxillary fixation, to ensure that the upper and lower jaws were in an intercuspal position.^\[[@R13]\]^ Due to the unique reproducibility of the jaw, the uniform synchronization of the position is guaranteed in the process of preoperative CT scan and navigation in surgery. However, this method greatly restricts the access to the surgical site. Furthermore, it is not available for surgery via the intraoral approach.

The second approach is to use a specific occlusal splint to hold the upper and lower jaws on a fixed position repetitively. Günter et al designed a dental acrylic splint with an embedded screw and kept the patient wearing it during process of the CT scan as well as the operation.^\[[@R14]\]^ This splint was designed to fix the mandible in a reproducible position (maximal mouth opening). By this method, a mini screw left in the condyle was removed successfully via a minimally invasive approach. Li et al designed an open splint situated between the upper and lower dentition to fix the mandible at a specific open site, removing dental materials displaced into the mandible successfully by the mandibular navigation.^\[[@R4]\]^ On the surface, artificial fixation of the mandible with splints does not introduce additional errors, but this method increases the sensitivity of the relative movement of the mandible, which in turn reduces the accuracy of the navigation system.^\[[@R1],[@R2],[@R12]\]^

The third method is to install a dynamic reference frame in the mandible so that the jaw movement and position can be continuously tracked during the operation. Casap et al evaluated the accuracy and suitability of two computer navigation systems for mandibular surgery (Image-Guided Implantology system and LandmarX system).^\[[@R1]\]^ They concluded that direct tracking of the mandible via a tooth-mounted sensor frame and tooth-supported fiducial markers was useful for mandibular navigation and superior to indirect tracking in surgery of the lower jaw. However, fixation of tooth-mounted sensor frame and tooth-supported fiducial markers requires special instruments and the process is more time-consuming and complicated. In addition, these special instruments may affect the operative procedures to some extent and possibly lose its position, which could lead to failure of the navigation surgery.

In this case, in order to locate foreign bodies more accurately and avoid secondary injury resulted from blind exploration, we chose to use computer-assisted navigation technology via the original wound of tooth extraction. The removal of the foreign bodies via intraoral approach requires the patient to be in a mouth-opening state during the operation, and thus the method of intermaxillary fixation cannot be used. Basing on the result of this case, we believe that the mandible can be treated as a single entity, being independent from the whole skull, to perform the navigation surgery in the lower jaw. By this method, the navigation reference frame is directly fixed in the mandible to track it, as the foreign bodies remaining relatively stationary with the mandible in the adjacent soft tissues. In addition, the use of reference frame solved the problem of the requirement for special instruments or devices, making the surgical procedures more timesaving and easier.

In conclusion, the strategy that treating the mandible as an independent entity is an effective solution for computer-assisted navigation surgery to remove the foreign body in the lower jaw. It is reasonable to believe that this method is suitable for navigation surgeries in the lower jaw.
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